To explore how Asplenium nidus responds to drought stress, and to mine 13 drought-responsive genes for Asplenium nidus, we conducted a pot experiment in the IOT 14 smart greenhouse. We measured a series of physiological and biochemical indexes for 15 drought-treated plants, and analyzed the expression of drought-responsive genes in 16 Asplenium nidus by RT-qPCR. The results show that the Asplenium nidus is a species 17 with drought tolerance. Asplenium nidus inhibits plant photosynthesis and reduces life 18 activities by limiting stomatal opening to adapt to drought. To resist drought stress, the 19 Asplenium nidus changes the osmotic potential by increasing the proline content to 20 maintain normal metabolic activities and prevents the damage of active oxygen by 21 increasing the enzyme activities of SOD and POD. Based on the analysis of the relative 22 expression levels of genes, AVP1-2 and AVP1-4 may be drought-resistant genes in 23 Asplenium nidus. This study lays the foundation for in-depth research on drought 24 tolerance mechanisms and drought-resistant gene mining of Asplenium nidus. 25 26 key words: drought stress; photosynthetic characteristics; osmotic adjustment; enzyme 27 activity; genetic identification
43
The application function of Bird's Nest Fern has gradually been observed, and more and 44 more researchers have began to study its ecological function in the rainforest. Through 45 these investigations and studies, people have realized that Bird's Nest Fern plays a 46 non-negligible role in tropical rain forest ecosystems. Bird's Nest Fern has the function of 47 enriching and maintaining forest biodiversity and genetic diversity. It can use precipitation 48 and litter to form perched soil through the processing of invertebrates and microorganisms.
49
High-level soil can not only serve nutrients for the bird's nest fern , but also share 50 nutrients and water through rainwater , host, and other anthropogenic plants (Fayle et ). The aerial roots in the nest base can effectively absorb the moisture in the air, and 56 provide moisture for the surrounding microenvironment through root growth during 57 drought period (Weathers K C, 1999) . Due to its large nest base, it can collect litter and convert it into high soil to retain water and provide nutrients (TURTON, 2007) .
60
Although the current research interest in bird's nest ferns is gradually increasing, it is still 61 in its infancy, the understanding of bird's nest ferns has not been deepened, the ecological 62 environment is destroyed, the survival of bird's nest ferns has been threatened, and it is 63 urgent to understand its drought tolerance mechanism. When a plant is subjected to 64 drought stress, water redistribution in various parts, injury of membranes and nuclei, 
85
After comprehensive consideration of the above contents, bird's nest fern was treated with 86 different degrees of drought in this experiment. The leaf growth and stomata under the 87 leaf epidermis were observed, and leaf water content and photosynthetic index were measured. The closely related osmotic regulation compound content and enzyme activity 89 were determined. We also analyzed the expression of proton pyrophosphatase gene 90 (AVP1) related to drought tolerance to explore the response mechanism of bird's nest fern 91 to drought stress. This study will provide a theoretical basis for the further study of drought 92 tolerance mechanism and drought tolerance gene evolution mechanism of bird's nest fern, husks,the ratio is 1: 1: 1. These plants were divided into three groups of six plants each.
101
After two days of normal daily watering and incubation, proceed as follows (the watering 102 volume is just after water seeps from the basin, and the watering time is fixed at 5 pm 103 every day):
104
Group 1: control group(CK), was watered every day in the control group.
105
Group 2: mild drought (T1), irrigated once every two weeks.
106
Group 3: severe drought (T2), no watering all the time.
107
All the leaves of T2 group wilted and yellowed (the 6th week) and then rehydrated for 108 two weeks. 
117
Calculate weekly increments separately.
118
Determination of physiological parameters: In this experiment, we measured five 119 physiological parameters: relative leaf water content(RLWC), the maximum net 120 photosynthetic rate(P max ), transpiration rate( T r ) , stomatal conductance( g s ) , and 121 intercellular CO 2 concentration(C i ) the three groups of bird's nest fern.
122
The RLWC of leaves is measured every two weeks. We randomly selected three plants 123 per treatment, and each plant took a mature and healthy leaf for measurement. The
124
relative water content is measured by measuring the fresh weight (FW) of leaves 125 immediately after removing it, and then immersing leaves in distilled water for 3-4 hours.
126
When the constant weight is reached, the weight of the leaves is saturated weight (TW).
127
Then put leaves into an oven at 120 ° C for 30 minutes and bake it to a constant weight at 132 P max ,T r , g s , and C i were measured once a week and measured using a Li-6400 portable 133 photosynthesis instrument (LiCor, Lincoln, NE, USA). Using a red-blue light leaf chamber, 134 the light intensity was set to 1200µmol m -2 s -1 . We select a healthy leaf in each bird's nest 135 fern, and each leaf is measured once at the tip, middle and base of the leaf.
136
Determination of Biochemical parameters: We randomly selected three bird's nest 137 ferns from each treatment every two weeks. One leaf of each plant was randomly selected 138 and used to determine the content of proline and betaine, and the enzyme activities of superoxide dismutase, peroxidase and catalase. These five parameters were measured 140 using a kit from Coming Bio Co., Ltd and Microplate reader(Thermo Multiskan FC, USA).
141
Bioinformatics Analysis: Entering the protein sequence of AVP1 into the PfamA 142 database for searching with standard parameters (E-value less than 1e-5, the length of 143 the domain is more than 10% of the full length of the gene), the information of the amino 
151
We used ProbCons for sequence alignment, compared the protein sequences with the 152 same domain as AVP1, which were previously mined in the target species, and then used 153 the PhyML to construct a phylogenetic tree of these protein sequences ( The increments of leaf length and leaf width in CK group only fluctuated slightly, and there 182 was no significant difference in the increments of leaf length and leaf width of control 183 group during different period (Fig. 2) . The leaf length and leaf width of T1 group changed 184 with watering frequency (watering once every two weeks), and could return to normal 185 growth immediately after rehydration (6th week). The plants in T2 group was not watered 186 all the time, and the leaf length and width stopped growing from the 2nd week. Although 187 the growth resumed immediately after rehydration, the growth rate was slower than that of 188 CK group and T1 group. Although it did not return to normal growth rate after two weeks of 189 rehydration, it continued to increase. 
195
Measurement results of physiological parameters 196 RFWC of bird's nest fern leaves in CK group has been maintained at about 90% (Figure 2 ).
197
After drought treatment, the leaf relative water content in T1 group fluctuated between 60%
198
and 80%, and that in T2 group decreased to about 40% (Fig. 3 ). RFWC could be reverted 199 to the normal range after rehydration for two weeks in T1 and T2. 
204
The change trends of P max ,T r and g s , with different degrees of drought were similar (Fig.4) .
205
After drought treatment, the three indexes in T1 and T2 groups decreased to near zero, 206 only in T1 group increased slightly in the 3rd week, and increased rapidly in both groups 207 after rehydration, and the rising range in T1 group was higher than that in T2 group.
208
The change trend of C i was opposite to that of the other three indexes. After drought 209 treatment, the intercellular CO 2 concentration in T1 group and T2 group was significantly 210 higher than that in CK group, and the rising range in T2 group was larger than that in T2 211 group. After rehydration, the intercellular CO 2 concentration in both groups decreased to 212 normal value immediately. 
219
We performed a correlation analysis on P max , T r , g s and C i of the T1 and T2 groups, 220 respectively. The analysis results showed that there was extremely significant positive 221 correlation between P max , T r , and g s in the T1 and T2 group (Fig.4 ), while C i was 222 negatively correlated with P max , T r , and g s , respectively. In the T1 group, there was 223 extremely significant negative correlation between C i and P max , but C i was significantly 224 negatively correlated with T r and g s . However, in the T2 group, C i was significantly negatively 225 correlated with P max , T r and g s . 
244
Combining Fig.7and 
256
The SOD enzyme activity in the T1 group increased slightly after drought treatment and did not decrease after rehydration，while the T2 group increased significantly during the 258 2nd week of drought treatment, then gradually decreased in the later period, and 259 decreased to the normal range after rehydration (Fig.8) . The POD enzyme activity in the 260 T1 group increased slightly in the 2nd and 6th week, while the T2 group increased 261 significantly in the 4th and 6th week, and they all returned to the normal range after 262 rehydration. CK, T1, and T2 had the same trend of CAT enzyme activity but T2> T1> CK 263 as a whole. All the three treatments increased significantly twice in the 4th and 8th week 264 (the 2nd week after rehydration). 276 was named H_PPase in the PfamA database. This domain accounts for more than 95% of 277 the total AVP1 protein sequence. The total length of the protein sequence of AVP1 gene 278 is 770 amino acids, and its conserved domain is from 21th amino acids to 755th amino 279 acids ( Fig. 9) . 
294
The primers of RT-qPCR were designed by using Primer5 and Oligo7 software in the 295 Table2.Using EF1a as an internal reference gene, the gene expression of AVP1-1, 296 AVP1-2, AVP1-3, and AVP1-4 were analyzed. It is worth noting that compared with CK, 297 the relative expression of AVP1-2 in T1 group increased significantly in the 6th week,
298
while that in T2 group increased significantly in the 2nd and 4th week, and decreased in 299 both groups after rehydration (Fig.11) . Compared with CK, the relative expression of 300 AVP1-4 in T2 group increased significantly in the 4th week. The expression of AVP1-1 301 and AVP1-3 was not related to the degree of drought and the time of drought.
302
303 Table 2 The primers of RT-qPCR. EF1α: reference gene, F: forward primer, R: reverse primer Primer sequence (5' to 3') 
EF1α-F AAGACTCACATCAACATC

EF1α-R TTCTCGAACTTCTCAATG
AVP1-1-F CTGCCTTCATCATTCTAC
AVP1-1-R TTGTGTAGCCGATAATAAG
AVP1-2-F TCTGTAATGGGCTTTCTA
AVP1-2-R AAGTCCGTATCCAGTAAT
AVP1-3-F GATGCTATTCGTGATGGT
AVP1-3-R TTGTTGAGGATTGGAGTC
AVP1-4-F GGCTTCATTCTTACTCTT
AVP1-4-R TTGGATACTAAGGTCTCA
315
The RFWC is an important index to study the drought tolerance of plants. 
363
In summary, this study indicates that Asplenium nidus stops the growth of the stomata by 364 limiting the opening of the stomata, thereby limiting the use of light energy and CO 2 ,
365
inhibiting plant photosynthesis and reducing life activities to adapt to drought. And in order 366 to resist drought stress, the Asplenium nidus changes the osmotic potential by increasing the proline content to maintain normal metabolic activities and prevents the damage of 368 active oxygen by increasing the enzyme activities of SOD and POD. and changing the 369 penetration by increasing the proline content. It is expected to maintain normal metabolic 370 activities under stress conditions and prevent the damage of reactive oxygen species to 371 resist drought by increasing the enzyme activities of SOD and POD. Asplenium nidus is a 372 plant with drought tolerance.
373
A large number of studies have shown that AVP1 plays an indispensable role in important speculates that AVP1-2 and AVP1-4 may be drought-resistant genes of Asplenium nidus.
382
Drought resistance research in Asplenium nidus is still in its infancy. Only a few articles 383 have studied the effects of drought stress on it, and few studies have focused on drought 384 tolerance genes. Therefore, we believe that in-depth research on Asplenium nidus. should 385 be carried out in the next stage in order to establish a complete drought-resistant system 386 of Asplenium nidus.
387
